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Abstract 
In this paper, a combined power and refrigeration cycle is studied. The proposed cogeneration system consists an 
organic Rankine cycle and a refrigeration cycle, connected by an ejector. The performance of the combined cycle is 
analyzed when the system running in different working fluids, including pure working fluids, R245fa and R600a, and 
zeotropic mixtures, R245fa/R600a. The mass fraction of the mixtures varies from 10/90 to 70/30, and the results 
show that the mixtures generate more refrigeration than pure working fluids, and they have better performance under 
certain conditions. Besides, the effect of some thermodynamic parameters, including evaporator temperature, 
condenser temperature, boiler temperature and turbine outlet temperature, on the performance of the system is studied. 
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1. Introduction  
Subscript  
tc turbine outlet condensing  
e  evaporator 
c  condenser 
b  boiler 
r  refrigeration 
How to utilize low temperature energy efficiently has attracted lots of attention around the world, as the 
energy and environmental problem getting more serious in recent years. Combined power and 
refrigeration cycle is one of the cogeneration cycles that were proposed to take full use of the heat source   
energy. A combined power and refrigeration cycle, which combines the Rankine cycle and the absorption 
refrigeration cycle, was proposed in [1]. Though it can use low temperature sources efficiently, the 
refrigeration output is quite small. In [2] a power and ejector refrigeration cycle proposed and studied the 
performance using R123. Zheng et al. [3] also analysed this cycle and the simulation result of the system 
shows that it has large potential to produce refrigeration and most exergy losses take place in the ejector. 
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Hitherto, most research of the combined power and ejector refrigeration cycle is about pure working 
fluid. Zeotropic mixtures are characterized by a non-isothermal phase change, which makes them have 
better performances in the thermal match in heat exchangers than pure working fluids. Some study of the 
zeotropic refrigerant mixtures [4-5] show their advantage over pure fluids in the ORC, due to better heat 
extraction and less exergy destruction. According to the research of Zhang et al. [6], some binary 
nonazeotropic refrigerants could improve the refrigeration quality in the ejector refrigeration cycle. 
This paper focuses on the performance of the combined power and ejector-refrigeration cycle, when it 
runs in zeotropic mixtures. The system can utilize various low temperature heat sources and generate 
refrigeration and power simultaneously.  
2. Cycle description  
Fig. 1 shows the schematic diagram of the combined cycle. The working fluid from the exit of the 
condenser is divided into two parts and one part is pumped to higher pressure. The compressed working 
fluid enters the boiler as state 2, and is heated by the heat source. Then the superheated gas leaves the 
boiler at state 3. After expanded in the turbine, the exhaust gas at state 4 expands again in the ejector as 
primary flow, inducing a high pressure vacuum which entrains the secondary from evaporator. After 
mixing, the mixed flow recovers its pressure caused by the shock wave at constant cross-section zone. 
The pressured vapour leaves the ejector at state 7 and enters the condenser, where it is cooled down by 
cooling water to saturated liquid. The other part fluid is throttled in the expansion valve to evaporator 
pressure. Then the expanded working fluid at state 8 evaporates in the evaporator to saturated gas or super 
heat gas. 
 
                                                                                   Table 1. Some assumptions of the combined cycle. 
 
 
 
 
 
 
 
 
Fig. 1. Schematic diagram of combined power and ejector refrigeration 
cycle 
The net power output and refrigeration output are calculated as follows: 
(1) 
 
(2) 
 
The entrainment ratio is an important parameter to evaluate of the performance of the ejector 
 
(3) 
The value of entrainment ratio could be calculated iteratively, if the inlet state parameters of primary flow, 
secondary flow and back pressure of the ejector are given. 
3. Results and discussions  
Environment temperature (K) 
Refrigeration temperature (K)  
Heat source initial temperature (K)  
Heat source mass rate (kg/s) 
Turbine isentropic efficiency (%)  
Pump isentropic efficiency (%) 
Nozzle efficiency of ejector (%)  
Mixing efficiency of ejector (%)  
Diffuser efficiency of ejector (%)  
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Some assumptions for the combined cycle are shown in Table 1. The boiler temperature, evaporator 
temperature and condenser temperature mean the bubble point temperature of the phase change process. 
Pinch point temperature of the boiler, condenser and evaporator are 10K, 10K and 5K separately.   
As shown in Figure 2 (a), the output work increases at first and then decreases for pure working fluids, 
R600a and R245fa, and mixture R600a/R245fa, whose mass fraction varies from 90/10 to 40/60, as the 
boiler temperature changes from 351.15K to 393.15K. It is attributed to the flow rate decrease and the 
specific net work increase. At small boiler temperature, smaller than 375K, R245fa generates more work 
than the others. And mixture R600a/R245fa (50/50) takes its place at high boiler temperature. It can be 
seen from Figure 1 (b) that the refrigeration output decreases almost linearly as the boiler temperature 
increases for all the working fluids, and R600a/R245fa (40/60) generates more refrigeration than the 
others. It is caused by the combined effect of entrainment ratio, flow rate and specific refrigeration output. 
  
 
 
 
 
 
 
 
 
 
 
(a)                                                                                                                      (b) 
Fig. 2. Effect of boiler temperature on (a) turbine power, (b) refrigeration output with R600a/R245fa at different mass fraction 
(Ttc=338.15k, Te=275.15K,Tb=338.15K) 
 
 
 
 
 
 
 
 
 
 
 
 (a) Tb=374.15K, Ttc=338.15K, Tc=403.15K                                            (b) Tb=374.15K, Ttc=348.15K,Te=275.15K 
Fig. 3. Effect of (a) evaporator temperature and (b) condenser temperature on the refrigeration output with R600a/R245fa at 
different mass fraction 
In Fig. 3 (a) the effect of evaporator temperature on the refrigeration output for different working 
fluids is presented. As the evaporator temperature increases, the refrigeration output increases. It is 
because of the increase of entrainment ratio. As the flow rate of the ORC remains constant, the flow rate 
of the cooling cycle increases, according to equation (3). In addition, it is found that the higher evaporator 
temperature, the larger specific refrigeration output.  
 The refrigeration output increases with the condenser temperature increasing, shown in figure 3(b). It 
is because that the state of primary flow is not changed, the entrainment ratio decreases to achieve higher 
condenser temperature. The refrigeration decreases due to smaller flow rate, caused by smaller 
entrainment ratio as explained above. 
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For working fluid R600a/R245fa (40/60), the output work and refrigeration react completely different 
to the change of turbine outlet pressure. The output work decreases with the turbine outlet pressure 
increasing, however refrigeration output increases, as shown in Figure 4. It is because the turbine outlet 
temperature increasing decreases the ORC efficiency. The entrainment ratio increase as explained above. 
Thus the refrigeration increases as the entrainment ratio increases. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Effect of on the refrigeration output with R600a/R245fa at different mass fraction (Tb=376.15K, Te=275.15K, 
Tc=303.15K) 
4. Conclusion 
A combined power and refrigeration cycle, which combines an organic Rankine cycle and an ejector re
frigeration cycle by an ejector, is proposed in this paper. The performance of the zeotropic mixtures, R24
5fa/R600a, under different mass fractions is analysed. Besides, parametric study is conducted to evaluate t
he effects of several thermodynamic parameters on the cycle performances. The main conclusions are as f
ollows: 
(1) The zeotropic mixtures perform better than pure working fluids. Mixture R245fa/R600a (40/60) 
generates more refrigeration than the others, as the result of combined effect of specific refrigeration 
output, flow rate and entrainment ratio. 
(2)  Boiler temperature, condenser temperature, turbine outlet pressure and the mass fraction of the mixtur
e fluid have great effect on the system performances.  
Acknowledgements 
This study was supported by the National High Technology Research and Development Program 
("863"Program) of China (No. 2012AA051103). 
References 
[1] F.Xu, D.Y. Goswami, S.S. Bhagwat, A combined power/cooling cycle, Energy 25 (2000) 233̢246. 
[2] Dai Y, Wang J, Gao L. Exergy analysis, parametric analysis and optimization for a novel combined power and ejector 
refrigeration cycle [J]. applied thermal engineering, 2009, 29(10): 1983-1990. 
[3] Zheng B, Weng Y W. A combined power and ejector refrigeration cycle for low temperature heat sources[J]. Solar Energy, 
2010, 84(5): 784-791. 
[4] Wang XD, Zhao L. Analysis of zeotropic mixtures used in low-temperature solar Rankine cycles for power generation. Sol 
Energy 2009;83: 605–13. 
[5] Heberle F, Preißinger M, Brüggemann D. Zeotropic mixtures as working fluids in Organic Rankine Cycles for low-enthalpy 
geothermal resources[J]. Renewable Energy, 2012, 37(1): 364-370. 
[6] Zhang Y F, Zhang L M, Li C H. The theoretical research of binary non-azeotropic refrigerant mixtures in ejector 
refrigeration system [J]. Transaction of Tianjin University, 1998, 4(1): 24-28. 
1.00 1.05 1.10 1.15 1.20 1.25
40
60
80
100
120
140
160
180
200
220
O
ut
 P
ut
 (k
W
)
Turbine Ourlet Pressure (MPa)
 Refrigeration
 Output Work
